and piperacillin/tazobactam 13 is an example of this. Similarly, recovery from AKI may be impaired by certain antibiotics. An example of this is elderly patients or patients with hypertension treated with aminoglycosides, who have been shown to be less likely to recover from AKI. 14 Sepsis, AKI, and MODS are often preceded by infectious complications. In burn patients, prevention and treatment of infection is especially difficult because of an impaired immune response. The combination of an impaired immune response characterized by decreased T-cell function following injury, 15 a disruption of the protective skin barrier from burn injury 16 allowing pathogens to spread easily throughout the rest of the body, and long hospitalizations with multiple surgical procedures and the use of catheters and other invasive devices places burn patients at an increased risk of infectious complications. 9 One of the biggest challenges in treating bacterial infections is their resistance to antibiotic treatment. Several studies have been performed in multiple countries to identify the most frequently occurring multiple-drug resistant organisms (MDROs) in specific burn units. Pseudomonas aeruginosa, [17] [18] [19] Staphylococcus aureus, 17, 19 and Acinetobacter baumannii 13, 20 are among the most frequently cultured sources of infection in burn patients. These pathogens are often resistant to many of the antimicrobial treatments we use today, and there are very few new antimicrobial agents being developed. Information on the clinical impact of infections caused by these MDROs in burn patients is scarce, and as the incidence of MDROs grows, the clinical impact will likely grow as well.
With this in mind, we sought to evaluate the impact of MDROs in burn patients on survival and length of stay in the hospital, as well as examine the role of MDROs in the development of complications such as AKI, sepsis, and MODS.
METHODS

Study Design and Data Collection
After approval from the institutional review board, we conducted a single-center retrospective review of both pediatric and adult burn patients who were admitted to the burn intensive care unit (BICU) or the burn ward between January 1, 2012, and December 31, 2013.
Patients were included if they had clinical findings consistent with a burn wound infection, such as erythema, swelling, warmth, and increased pain (including burn wound cellulitis, graft infection, and infection of surgical wounds). Patients were also included if they developed symptoms of hospital-related infections, such as pneumonia, urinary tract infections (UTIs), or catheter infections (including central venous catheters) during their stay. Pneumonia, UTIs, and catheter infections were defined according to the Centers for Disease Control guidelines. 21 Patients with infections that were present before the burn incident (such as upper respiratory infections) were excluded from this study if they did not develop any other infections during their admission. We included patients in the MDRO group once they had at least one positive culture for an MDRO, and all cultures (before and after the positive culture for MDROs) were included in the MDRO group analysis.
We collected the following data from the electronic medical record: age, sex, mechanism of burn, percentage of TBSA burned, inhalation injury, length of stay, length of mechanical ventilation, and length of antibiotic treatment. Furthermore, we gathered the sensitivity analysis of all available cultures to determine the degree of drug resistance of all cultured bacteria. And finally, we collected data on the incidence of sepsis, AKI, and MODS.
Definition of Clinical Parameters
TBSA was calculated by use of a Burnman computer program (Sage diagram, LLC, Portland, OR) that calculates burn size according to the Lund Browder method. Bronchoscopy was performed in patients with suspected inhalation injury to confirm the diagnosis. The degree of inhalation injury was scored according to the abbreviated injury score. 22 Length of stay was defined as the time between admission and discharge from the hospital or death. Length of mechanical ventilation was defined as the time between intubation or need for mechanical ventilation to the time where patients were spontaneously breathing without need for mechanical support. Sepsis, severe sepsis, and septic shock were defined according to the Surviving Sepsis Campaign Guidelines set by the Society of Critical Care Medicine. 23 We reviewed incidences of acute kidney injury via Acute Kidney Injury Network criteria. 24 And finally, MODS was graded according to the Denver scoring system. 25 We included the following bacteria in our analysis: methicillin-resistant S. aureus (MRSA), vancomycinresistant Enterococcus faecalis and Enterococcus faecium (VRE), extended-spectrum (beta)-lactamase-producing Enterobacteriaceae (ESBL), and Klebsiella pneumoniae carbapenemase (KPC). All other bacteria (such as P. aeruginosa and A. baumannii) were considered MDROs if they showed resistance to at least three of the tested antibiotics in the sensitivity analysis. Patients who had at least one positive culture with an MDRO were considered MDRO patients. All other patients were included in the non-MDRO group.
Microbiology
When patients were clinically suspected of having pneumonia (such as through change in secretions and increased oxygen requirement), a quantitative bronchoscopic alveolar lavage was performed. Urine cultures were performed when patients were suspected of having a UTI. Both aerobic and anaerobic cultures were performed in case of suspected skin infections. All cultures were performed according to a standard protocol. Cultures were incubated for 3 days at approximately 37°C. After identification of bacterial strains, the antibiotic susceptibility of all cultured pathogens was determined.
Statistical Analysis
The statistical analysis was conducted using SAS 9.4 (SAS Institute, Cary, NC). Pearson χ 2 and Fisher's exact tests were used to assess differences on all categorical variables by the MDRO group. Independent samples t-tests and Wilcoxon-Mann-Whitney tests were employed to compare the distribution of continuous variables. Comparisons on patient age were expressed as means and standard deviations; medians and interquartile ranges were reported for all other continuous variables because of their nonnormal distributions. For categorical variables, results included the number and percentage of patients within each level. For all tests, an alpha <0.05 was considered statistically significant. Univariable logistic regression models were then used to assess the effect of select risk factors on patient mortality. Because of the low number of observed events (10 deceased patients), a multivariable model was not generated for this analysis.
RESULTS
Clinical Characteristics
Over the 2-year period, 1355 patients were admitted and a total of 126 patients were found to have at least one positive culture requiring treatment and were thus included in this study. Table 1 the characteristics for the MDRO (n = 47) vs non-MDRO (n = 79) groups. Age was similar between groups, with a mean of 49.2 years in MDRO patients versus 45.5 years in non-MDRO patients. MDRO patients had larger burns with a median %TBSA of 15% vs 5.1% (P = .001), and required significantly more operative procedures than patients in the non-MDRO group (2 vs 1, P < .0001). MDRO infections were associated with longer hospitalization (39 vs 14 days, P < .0001), longer need for mechanical ventilation (21 vs 0 days, P < .0001), and longer duration of antibiotic treatment (21 vs 7 days, P < .0001).
Gender was evenly distributed among the MDRO and the non-MDRO groups (P = .84). Flame burns were more common in patients with MDROs than in those with non-MDROs (76.1% vs 47.4%, P = .004), although the incidence of inhalation injury was the same for both groups (P = .92). The incidence of sepsis was significantly higher in the MDRO group than in the non-MDRO group (38.3% vs 12.7%, P = .001). Similarly, AKI occurred more frequently in the MDRO group than in the non-MDRO group (27.7% vs 8.9%, P = .01), and MDRO patients required RRT more frequently (12.8% vs 0%, P = .002).
Incidence of MODS (10.6% vs 3.8%, P = .15) and mortality (10.6% vs 6.3%, P = .50) were not statistically different, though a possible trend was noted.
Localization and Sources of Infections
The different types of infection for MDRO and non-MDRO patients are highlighted in Table 2, while  Table 3 shows which bacteria were cultured most often in both groups for Gram-negative and Grampositive bacteria, respectively. Often, patients had more than one positive culture for a specific pathogen during their stay in the BICU, which is why the number of cultures is higher than the number of patients. 
DISCUSSION
Although survival following burn injury has improved greatly because of improvements in treatment, 4-6 fighting infections remain a challenge. Several studies have sought to identify the most common multiple-drug resistant pathogens, [17] [18] [19] [20] but the impact of MDROs on survival and other outcome parameters remains unclear. In our study, we aimed to shed some light on this issue by examining 126 burn patients with infections who were admitted to our burn unit. By means of univariable analyses, we assessed for differences in several important clinical variables of patients with and without MDRO infections. Importantly we found, MDRO infections resulted in longer hospitalization (median: 39 vs 14 days, P < .0001), longer need for mechanical ventilation (21 vs 0 days, P < .0001), and longer duration of antibiotic treatment (21 vs 7 days, P < .0001). Patients with MDRO infections had larger burns (median: 15% vs 5.1 %TBSA, P = .001) and were more commonly flame burns (76.1% vs 47.4%, P = .004).
Theodorou et al 17 conducted a similar study to our own. Their main goal was to investigate the role of resistance of P. aeruginosa on survival and length of stay. In their study, the presence of resistant P. aeruginosa strains was not significantly correlated with prolonged hospitalization, although they did see a similar trend. During our study period, we were able to include more patients, which could explain why we did see a significant difference. However, this discrepancy may also be explained by the difference in geographical setting (US vs Germany) and by the fact that we looked at other multiple-drug resistant pathogens as well.
A similar trend was seen by Özgür et al 27 in patients admitted to an adult Intensive Care Unit (ICU) in Turkey. They examined the impact of the presence of pneumonias caused by MDR A. baumannii strains on ICU length of stay and duration of mechanical ventilation. They found that ventilator-associated pneumonias caused by resistant P. aeruginosa strains resulted in a prolonged ICU and hospital stay.
It is a logical assumption to think that patients with infections caused by MDROs are at greater risk to develop sepsis or MODS because they are more difficult to treat. Accordingly, we found a significantly higher incidence of sepsis in the MDRO group than in the non-MDRO group (38.3% vs 12.7%, P = .001). This confirms our hypothesis that burn patients with MDRO infections are more likely to progress into a state of sepsis or organ failure. Additionally, the presence of septic episodes was associated with a significant increase in the odds of patient mortality in the univariable analysis, with OR = 19.20 (95% CI: 3.79-97.27, P < .001). MODS and AKI were also associated with increased mortality in the univariable analysis, with OR = 85.49 (95% CI: 12.97-563.28, P < .0001) and OR = 10.93 (95% CI: 2.74-43.57, P = .001), respectively.
In addition to these differences in sepsis and organ failure, our study uncovered significant differences in antibiotic duration between the two treatment groups. While these totals accounted for treatment of multiple infections per patient rather than a single course of antibiotics, this finding calls attention to the highly discussed topic of optimal duration of antibiotic therapy. While insufficient length of treatment could result in recurrent infection, prolonged duration of treatment is associated with adverse drug events, higher costs, and increased prevalence of drugresistant bacteria. 28 Highlighting this point, Daneman et al's 29 retrospective cohort study of bacteremic ICU patients to determine pathogen and patientrelated factors associated with prolonged duration of antimicrobial therapy found that most patient or pathogen characteristics were not associated with treatment duration and that survival bias precluded a valid assessment of the association between duration and survival. In our study, duration of antibiotic treatment was based on clinical response to treatment, and also influenced by operative interventions such as excision and grafting, which may have served to lengthen duration of antibiotic therapy.
Although several studies [30] [31] [32] show that patients with resistant MDROs such as P. aeruginosa have an increased mortality rate, data on the impact of MDROs on mortality in burn patients is very limited. In our study, mortality rates did not differ in the two groups. To our knowledge, no other studies have been performed that evaluate the impact of MDRO infections on mortality in burn patients. Also, because many of the known risk factors for mortality and risk factors for MDRO infections are the same, such as burn size, AKI, and sepsis, it is difficult to assess the impact of MDRO infections on mortality and it is possible that the number of patients in this study is too small to demonstrate whether MDRO infections are independently associated with mortality.
Strengths and Limitations
One of the strengths of this study is that it includes multiple MDROs, rather than limiting analysis to one or a select few MDROs. In contrast, many similar studies have only looked at the role of one particular pathogen, such as P. aeruginosa or A. baumannii. Since patients often endure infections with multiple pathogens at a time or repeated infections, it is only reasonable to consider more than one pathogen in a study. We have also presented an overview of the most common sources of infections in burn patients, which will hopefully raise awareness on the risks of infection in burn patients amongst clinicians. The study is limited by the fact that it is retrospective and that there was no distinction made between patients admitted to the BICU or to the burn floor. This was mainly because patients often alternate between these locations, making it difficult to establish when and where patients were infected.
An additional limitation to this analysis is the small number of observed events, as only 10 of the 126 patients in the sample were deceased, which limited the statistical approach to univariable analyses.
CONCLUSION
Patients with infections caused by MDROs require longer hospitalization, longer need for mechanical ventilation, longer duration of antibiotic treatment, and a greater number of surgical procedures. MDRO patients are more prone to develop sepsis and AKI. Additional studies and greater sample size are needed to validate these findings and further investigate the potential impact of MDROs on mortality.
